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Introduction
Most conventional MR imaging of the musculoskeletal system is done a 1.5 Tesla. Higher field

systems, typically 3.0 Tesla, are now becoming available. 3.0T MRI means a higher signal-to-noise
ratio (SNR), which can be used to improve imaging speed or resolution. However, there are changes in
relaxation times at 3.0T as well as increased artifacts to consider. Our initial clinical experience at 3.0
Tesla shows that contrast and diagnosis of pathology is similar to 1.5T, with some benefits from

improved resolution and SNR.

High Field Imaging

In general, the intrinsic signal to noise ratio (SNR) available in a MRI experiment is a function of

the strength of the main magnetic field, the volume of tissue being imaged, and the radiofrequency coil
being used. In theory, if the coil and the subject are equivalent, imaging at 3.0T should provide twice
the intrinsic SNR of imaging at 1.5T (1). However, changes to tissue relaxation times, sensitivity to
magnetic susceptibility, and the chemical shift difference between fat and water all influence image
quality at 3.0T. Thus, careful adjustment of the imaging protocols is necessary to optimize imaging at

3.0T.

Tissue Contrast
Prior measurements of relaxation times at 4.0T showed increases of T1 of 70-90% and decreases

of T2 of 10-20% compared with 1.5T (2). Recent measurements of these values in musculoskeletal
tissues at 3.0T show a decrease in T2 of about 10% and an increase in T1 of about 15-20% (3). The
changes in these parameters affect the choice of TR and TE that are appropriate for 3.0T, and ultimately
impact the contrast and SNR of the images produced.

In MRI, tissue contrast is determined by a number of variables, including the TR and TE chosen
by the scan operator, the T1 and T2 relaxation times of the tissues being studied, and the use of fat
saturation. At 3.0T, the chosen TR and TE should reflect the underlying tissues being imaged and the
contrast desired. In most cases, since the T1 relaxation times have increased at 3.0T, the TR must be

longer to achieve the same type of contrast seen at 1.5T. Similarly, the TE should be slightly shorter to



account for decreases in T2 relaxation times. In gradient echo examinations, the flip angle should be
lower to account for the increased T1 relaxation times. Since T2* effects are doubled at 3.0T versus

1.5T(4), TE needs to be shorter at 3.0T to produce similar contrast for those sequences.

Artifacts

Since the resonant frequencies of fat and water are twice as far apart at 3.0T compared with 1.5T,
chemical shift of fat pixels in the frequency-encoding direction will be twice as great at a given imaging
bandwidth (4). As a result, on non-fat saturated sequences, one should consider doubling the receiver
bandwidth compared with 1.5T to at least 432 kHz. This reduces the available SNR by the square root
of 2, since the overall readout window length is shorter at a higher bandwidth. However, increased
bandwidth permits more slices and shorter echo times.

One area where chemical shift artifacts may affect diagnosis is in the spine, where intervertebral
disks may appear larger or smaller depending on the bandwidth in the frequency direction (Palmer, et al.
ARRS 2003). Artifacts from motion or metal in the post-operative patient may present more problems
at 3.0T than at 1.5T. Susceptibility from small pieces of metal left in and around the joint will be
increased (4). Strategies for dealing with post-operative artifacts at 1.5T will also work at 3.0T, such as

increasing the bandwidth and minimizing the use of gradient echo sequences (5).

RF Power Deposition
The resonant frequency at 3.0T (about 125 MHz) is twice that at 1.5T. This means that the

radiofrequency (RF) power for excitation at 3.0T is four times higher than at 1.5T (6, 7). Use of shorter
imaging sequences such as fast spin echo may reduce the RF power deposition.
Since the RF power deposited is a function of tissue volume excited, this is more of a problem with large

body areas such as the hips than smaller areas such as the knee (7).

Fat Saturation at 3.0 Tesla
At 3.0T, the chemical shift between fat and water resonance is twice that of 1.5T, or

approximately 440 Hz(1). This means that fat saturation at 3.0T is easier than at 1.5T in the sense the
peaks are farther apart. The length of the fat saturation pulses can be shortened from about 16 ms to 8
ms. The overhead time per slice spent in fat saturation at 3.0T during a multi-slice acquisition is less
than at 1.5T. This means that if fat saturation is applied, more slices can be acquired at a given TR, slice

thickness and bandwidth at 3.0T than at 1.5T.



Imaging of Pathology at 3.0T
Images of pathology at 3.0T appear similar to those at 1.5T (8). Fluid continues to be bright in

areas of pathology and tears. Shortening of T2 relaxation times may lead to decreased problems from
magic angle effects (9). Tears result in increased T2 relaxation times in tendons (Figure 5). Overall,
improved resolution and speed should allow for improved diagnostic accuracy, or at least improved

diagnostic confidence.

Improvements in Speed
As mentioned earlier, the SNR at 3.0T is approximately double that of 1.5T. Since SNR is

proportional to the square of the scan time, it is possible to go up to four times faster at 3.0T than 1.5T
with equivalent SNR. This is only true if the scans at 1.5T are done with multiple averages for increased
SNR and the relaxation time changes at 3.0T do not significantly impact the SNR. In practice, it may be
possible to go twice as fast at 3.0T.

The principles behind rapid protocol design at 3.0T are as follows. First, minimize the use of
signal averages. Second, increase the TR to account for longer relaxation times and improve the SNR.
Third, double the receiver bandwidth compared with 1.5T on non fat-saturated sequences. Finally, fast
spin echo imaging with small echo spacing is useful for all sequences, including the T1-weighted
images. The echo train length must be kept short on the short TE images to avoid blurring, but can be
longer on the T2-weighted images. Because of the g-factor in multiple coil acquisition, parallel imaging

will cost SNR and should not routinely be used unless signal averages are already minimized

Improvements in Resolution
The increased SNR available at 3.0T may also be used to improve the resolution of the images

that are acquired. In theory, the resolution in one direction can be doubled at 3.0T and generate the
equivalent SNR as a 1.5T image. In practice, due to changes in relaxation times, the best strategy for
utilizing the increased SNR at 3.0T for improving resolution may be to acquire more, thinner slices. An
increase in TR for multi-slice acquisitions allows for more slices to be acquired and offsets the effects of
increased T1 relaxation times. The slice thickness may then be halved from 3.0 mm to 1.5 mm and
twice as many slices acquired. If only one signal average is used, the total scan time is equivalent and
SNR is comparable to 1.5T.

Increased resolution a may be helpful in several problem areas of musculoskeletal imaging (10).
These include the labrum in the shoulder (Figure 6), the talar dome cartilage (Figure 3), and the

acetabular labrum (Figure 4), and the articular cartilage (Figure 11). Imaging of these areas at very high



resolution may require multiple signal averages for either SNR, to avoid phase wrap, or both. If imaging
is done with fat suppression, lowering the imaging bandwidth will improve the overall SNR. If T2-
weighted imaging is used, increasing the echo train length for additional speed is acceptable. However,
if T1-weighted or proton density (short TE) imaging is performed, as short echo train length may be

preferable to avoid blurring (11).

Conclusions
Magnetic Resonance Imaging provides a powerful tool for the imaging and understanding of the

musculoskeletal system. The fundamental trade-off between image resolution and SNR still limits our
ability to image in-vivo at 1.5T with high resolution in an efficient manner. 3.0T systems may allow for
fast routine imaging or higher resolution studies. Faster imaging will result in less patient motion,
increased comfort, and better throughput. Increased resolution may result in more accurate diagnosis,

but will require prospective validation.

References

1. Collins CM, Smith MB. Signal-to-noise ratio and absorbed power as functions of main magnetic field
strength, and definition of "90 degrees " RF pulse for the head in the birdcage coil. Magn Reson Med
2001; 45:684-691.

2. Duewell SH, Ceckler TL, Ong K, et al. Musculoskeletal MR imaging at 4 T and at 1.5 T: comparison of
relaxation times and image contrast. Radiology 1995; 196:551-555.

3. Gold GE, Han E, Stainsby JA, Wright GA, Brittain JH, Beaulieu CF. Musculoskeletal MRI at 3.0 Tesla:
Relaxation Times and Image Contrast. AJR Am J Roentgenol 2004; 183:343-351.

4. Peh WC, Chan JH. Artifacts in musculoskeletal magnetic resonance imaging: identification and
correction. Skeletal Radiol 2001; 30:179-191.

5. White LM, Buckwalter KA. Technical considerations: CT and MR imaging in the postoperative
orthopedic patient. Semin Musculoskelet Radiol 2002; 6:5-17.

6. Shellock FG. Radiofrequency energy-induced heating during MR procedures: a review. J] Magn Reson
Imaging 2000; 12:30-36.

7. Brix G, Seebass M, Hellwig G, Griebel J. Estimation of heat transfer and temperature rise in partial-body

regions during MR procedures: an analytical approach with respect to safety considerations. Magn Reson
Imaging 2002; 20:65-76.

8. Gold GE, Suh B, Sawyer-Glover A, Beaulieu CF. Musculoskeletal MRI at 3.0 Tesla: Initial Clinical
Experience. AJR Am J Roentgenol 2004; 183:1479-1486.
9. Hayes CW, Parellada JA. The magic angle effect in musculoskeletal MR imaging. Top Magn Reson

Imaging 1996; 8:51-56.

10. Potter HG, Linklater JM, Allen AA, Hannafin JA, Haas SB. Magnetic resonance imaging of articular
cartilage in the knee. An evaluation with use of fast-spin-echo imaging. J Bone Joint Surg Am 1998;
80:1276-1284.

11. Hargreaves BA, Gold GE, Beaulieu CF, Vasanawala SS, Nishimura DG, Pauly JM. Comparison of new
sequences for high-resolution cartilage imaging. Magn Reson Med 2003; 49:700-709.



	Table of Contents
	2006 Annual Meeting Program Committee
	Continuing Education
	Declaration of Speaker Financial Interests or Relationships
	================
	Monday, 8 May 2006
	Hot Topics in Clinical Practice: Neuro Imaging and Body Imaging ~ 11:00 to 13:00 ~ Room 6E
	Molecular Imaging with Cell Tracking in the CNS
	Automated Change Detection in Serial Imaging Studies of the Brain
	Cutting-Edge Imaging of the Spine
	Hot Body MRI: Beyond Anatomy Towards Tissue Function
	Hot Topics in Europe: Whole Body MRI
	Hot New MRA Techniques

	Body MR Problem Solving ~ 11:00 to 13:00 ~ Room 6C
	The Hepatitis C Patient: Early Diagnosis of Cirrhosis and HCC
	Problem Solving with Breast MR

	SMRT and ISMRM Joint Forum: Imaging of the Mother, Fetus and Newborn  ~ 14:00 to 16:00 ~ Room 6D
	Technical Aspects of Scanning the Pregnant Mother: A Technologist's Overview and Perspective ~ No Syllabus Contribution Submitted
	Fetal MR - Including the CNS
	Imaging the Neonatal Brain: Specific Pathologies - Specific Imaging Protocols
	Imaging the Pediatric Patient: Specific Pathologies - Specific Imaging Protocols

	Grant Writing: Opportunities, Needs and Strategies ~ 14:00 to 16:00 ~ Room 6C
	Grants - A Strategic Perspective from a Funding Agency Point of View: Requirements and Expectations
	Grantsmanship: The Essentials ~ No Syllabus Contribution Submitted
	Grants - An Outcome Perspective: Looking Back from a Scientific Publication to Grant Funding - Lessons to be Learned

	MR Physics for Clinicians ~ 16:30 to 18:30 ~ Room 6C
	Spin Gymnastics I
	Spin Gymnastics II ~ No Syllabus Contribution Submitted
	MRI Hardware


	================
	Tuesday, 9 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	High Field Imaging: A Technical Perspective
	High Field Body Imaging: A Clinical Perspective

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	Body & Peripheral MRA
	Non-Contrast MRA
	Coronary MRA

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	What Can Quantitative DCE T1-Weighted MR Imaging Tell Us?
	Grading, Therapy Monitoring, and Predicting Outcome of Glioma

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	MRI Main Field Magnets
	Shim Coil Design, Limitations and Implications

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	Impediments to High Field MR - A Look at B0 and B1 Field Behavior
	How to Do RF at High Fields

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	Biomechanics of Femoral Acetabular Impingement
	MR Imaging of Femoral Acetabular Impingement

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Latest Advances in Arterial Spin Labeling
	Measuring Oxygen Consumption Using MRI: What Can and Cannot be Done

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Techniques for MR Imaging Near Metallic Implants
	Prospects of Absolute B1 Calibration

	Body/Cardiovascular Imaging at 3T ~ 10:30 to 12:30 ~ Room 6C
	Introduction to Body Imaging at 3T: Theoretical Advantages and Practical Challenges
	Musculoskeletal Imaging at 3T
	Abdominal and Pelvic Imaging at 3T
	Cardiovascular Imaging at 3T
	Body and Breast at 3T: Where is the Added Value Compared to 1.5T

	Neuro MR Problem Solving ~ 10:30 to 12:30 ~ Room 6D
	How To Use Parallel Imaging Techniques To Improve the Efficiency of Clinical CNS Imaging Protocols
	MR Angiography of the Carotids and Circle-of-Willis: Technical and Clinical Dilemmas

	MR Neurography for MSK Radiologists ~ 13:30 to 15:30 ~ Room 6C
	MR Neurography - Imaging Peripheral Nerves
	The Role of MRI in the Diagnosis and Treatment of Peripheral Nerve

	MR Physics for Clinicians ~ 16:00 to 18:00 ~ Room 6C
	Spin Echo 
	Gradient Echo 
	Fast Spin Echo 


	================
	Wednesday, 10 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	Coils, Receivers and Parallel Imaging: A Technical Perspective
	Parallel Imaging: A Clinical Perspective

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	MRA at 3.0T
	Cardiac MRI at 3.0T
	Cardiovascular Parallel Imaging at 3.0T

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	Diffusion Tensor Imaging of Traumatic Brain Injury
	Clinical Output of DTI Measurements in Multiple Sclerosis

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	Array Systems
	Receivers System

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	High Resolution Imaging: Why Is It Important for T1 Weighted Imaging, MRA and SWI?
	Parallel Excitation: Making SENSE of High-Field Body MRI

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	MRI Evaluation of Cartilage Maturation
	MR Imaging of Cartilage in the Pediatric Patient

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Quantification Issues in Bolus-Tracking Perfusion MRI
	Steady-State and First-Pass Contrast Agent Methods to Evaluate CBV, Vascular Morphology and Permeability

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Cytoarchitectonic MRI: Can MRI Be Used to Quantify Neural Tissue?
	Tissue Structure through Diffusion and Transverse Relaxation Measurements
	Unresolved Issues in Diffusion and Perfusion MRI: A Consensus from the Study Group

	Cardiovascular Imaging ~ 11:00 - 13:00 ~ Room 6E
	Coronary Whole Heart MRA
	MRA at 3T
	Advances in Delayed Gadolinium MRI of Heart and Vessels ~ No Syllabus Contribution Submitted
	Peripheral MRA: Competing in the MDCT Era

	MR Physics for Clinicians ~ 16:30 - 18:30 ~ Room 6C
	Imaging Options and Their Effects on SNR
	Ultrafast Imaging
	Field Strength Dependence in MRI-Advantages and Artifacts at 3T


	================
	Thursday, 11 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	DWI in Body Imaging
	PWI in Body Imaging

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	MRI of Global and Regional Myocardial Function
	MRI of Myocardial Perfusion
	MRI of Myocardial Viability

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	Functional Connectivity
	Combining fMRI and DTI Applications

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	Transmit Arrays Design
	RF Pulse Design for Transmit SENSE

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	Advances in Spectral Editing: MRS of Neurotransmitters
	Broadband Decoupling at High Field: Challenges and Solutions

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	Functional Cartilage MRI
	Overuse Injuries in Elite Athletes

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Recent Advances to Resolve Multiple Fibers Using Diffusion MRI
	Recent Advances in Fiber Tracking

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Exclusively MRI-Based Molecular Imaging: Can Magnetic Labeling of Physiologically Important Compounds via DNP or Parahydrogen-Induced Hyperpolarization Provide a Potential Supplement or Replacement of PET
	Direct Detection of Neuromodulation
	Development of Static Tracers for Myocardial Perfusion Imaging by MRI

	Stroke Imaging ~ 10:30 to 12:30 ~ Room 6C
	Neuroprotection: Biological Background and MR Implications
	The Current Status of Ongoing Clinical Trials: Beyond 3 Hours
	The Perspective of Pathophysiology - Guided Stroke Therapy
	MR Wish List for Stroke Neurologists: What Are We Missing? ~ No Syllabus Contribution Submitted

	Cardiac Problem Solving: Imaging the Coronary Arteries in 2006 - CT vs. MRCA ~ 16:30 - 18:30 ~ Room 6D
	Can CT Be Reliably Used for Plaque Characterization and Vessel Wall Imaging?
	Advanced MR Coronary Imaging at 3T: Promise or Perils?
	CT vs. MRCA: A Radiologist's Perspective
	Head-to-Head Comparison of CT and MRCA
	Assessing the Myocardium: Ischemia, Prognosis and Viability ~ No Syllabus Contribution Submitted

	Vascular Problem Solving and Case Presentation ~ 13:30 - 15:30 ~ Room 6C
	Vessels of the Neck
	Evaluation of Renal Vascular Disease
	MRA of the Run-Off's: Hands and Feet

	MR Physics for Clinicians ~ 16:30 - 18:30 ~ Room 6C
	Diffusion MRI
	MR Angiography
	Cardiac MRI


	================
	Friday, 12 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	Body MR Spectroscopy
	Fat-Water Imaging

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	Arrthymogenic Conditions
	Other Cardiomyopathies

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	Diffusion MRI in the Fetus and Newborn
	Measuring Brain Perfusion in the Pediatric Brain

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	ESR
	Hyperpolarized C13

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	Getting BOLDer with High Field fMRI
	Static Magnetic Fields: Bioeffects, Regulation and Management

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	MRI Techniques for Stem Cell Trafficking
	Stem Cell Research Opportunities in the Musculoskeletal System

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Voxel-Based Analyses
	Techniques for Measuring Brain Deformation

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Need for a Non-Commercial Open-Source MR Simulator
	Does The Principle Of Reciprocity Hold At High Field MR?

	Therapy Assessment ~ 10:30 to 12:30 ~ Room 6E
	The Needs and Opportunities of Imaging as Bio- or Surrogate Markers - A Strategic Perspective
	Goals for Assessment of Response - A Clinical and Cooperative Trial Structure ~ No Syllabus Contribution Submitted
	Integrating MR Response Information within Trials: A Quality Assurance Perspective
	Using MR to assess Therapeutic Response - An Investigator's Perspective





